The first complete DNA sequence of a eukaryotic genome, that of the yeast Saccharomyces cerevisiae, was released in electronic form more than a year ago (1). No doubt, each member of the international consortium of yeast biologists made the argument to his or her own funding agency in Europe, Japan, Britain, Canada, or the United States that this yeast would be a fine "model organism," useful for interpreting and understanding human DNA sequences. How right were they?
With the entire yeast genome sequence in hand, we can estimate how many yeast genes have significant mammalian homologs. We compared (4) all yeast protein sequences to the mammalian sequences in GenBank [EST (expressed sequence tag) databases were not included]. The result (see the table) is encouraging: For nearly 31% of all the potential protein-encoding genes of yeast (open reading frames, or ORFs), we found a statistically robust homolog among the mammalian protein sequences (5). This is clearly an underestimate, as the databases surely do not yet contain the sequences of all mammalian proteins or even representatives of every protein family. Many of these similarities relate individual domains, and not whole proteins, no doubt reflecting the shuffling of functional domains characteristic of protein evolution.
Even though S. cerevisiae is among the best-studied experimental organisms, 60% of its genes still have no experimentally determined function. Of these, the majority nevertheless have some similarity or motif suggesting possible functions, leaving about 25% (by actual count) with no clue whatever. In compiling the data in the table, we observed that genes with homology to mammalian sequences are much less likely to have nothing experimental known of their function. Only 34% of the entire set of yeast genes with mammalian homologs have no function listed in the Saccharomyces Genome Database; compared to less than 25% of the genes having the strongest homology. We do not know the reason for this, although we do not rule out the optimistic idea that yeast biologists have succeeded in concentrating on the most important genes (those most likely to be conserved).
The likelihood that a newly discovered human gene will have a yeast homolog with at least some functional information about one of its domains is thus quite good. Genetic manipulation in yeast is easy and cheap, whereas such manipulation, even when possible in NIH Public Access mammalian systems, is neither easy nor cheap. There is in addition the opportunity to exploit functional compatibility by the method described above for the RAS genes. At least 71 human genes complement yeast mutations; this is certain to be an underestimate (6) . Thus, information about human genes learned from studying their yeast homologs comes at an excellent price.
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Probably the best examples of the value of yeast as a model system concern human disease genes that have been mapped by linkage, positionally cloned, and then sequenced. Usually nothing is known of these genes beyond the fact that their inheritance results in disease. The sequence of the gene generally provides the first clue to function by way of homology to the genes of other organisms, commonly S. cerevisiae (7). Among the best matches are the human genes that cause hereditary nonpolyposis colon cancer (MSH2 and MLH1 in yeast), neurofibromatosis type 1 (IRA2 in yeast), ataxia telangiectasia (TEL1 in yeast), and Werner's syndrome (SGS1 in yeast). Two of these have particularly illustrative stories.
Inherited nonpolyposis colon cancers have a cellular phenotype: instability of short repeated sequences in the tumor cells. Stimulated by this result, and even before the human genes had been cloned, yeast researchers isolated mutations in yeast genes with the same phenotype (including mutations in MSH2 and MLHI), predicting that the colon cancer genes were likely to be their homologs (8).
Werner's syndrome is a disease with several hallmarks of premature aging. Again there is a cellular phenotype, which includes a reduced life-span in culture. The sequence of the human gene was found to be highly similar to that of the yeast SGS1 gene, which encodes a DNA helicase. On page 1313 of this issue, Sinclair et al. (9) report that SGS1 mutant yeast cells have a markedly reduced life-span and share other cellular phenotyes with cells from individuals with Werner's syndrome.
So yeast has indeed turned out to be a useful "model" for eukaryotic biology. There is ample justification for intensifying efforts to determine the functional roles of the remaining 60% of yeast genes whose function is still not known. There are as well many individual reasons to focus even more attention on genes such as MSH2 and SGS1. These yeast genes may represent the most efficient path to understanding the colon cancer and the aging caused by mutations in their human homologs.
